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ABSTRACT
.'? Bigheadcarp(Hypophthalmichthysnobilis),silvercarp(Hypophthalmichthys
molitrix),andgrasscarp(Ctenopharyngodonidella),collectivelyreferredtoasAsian
carp,areinvasivespeciesthathavebeenintroducedintotheMississippiRiverbasin.The
expansionof AsiancarpintotheMissouriRiver isnotwell understoodandknowledgeof
populationcharacteristicswithinthisriverarelacking.Theobjectivesof thisstudywere
todescribethelength-weightrelationships(condition)of Asiancarpfrom2003to2007
in theMissouriRiverdownstreamof GavinsPointDam,SouthDakotaandNebraskato
St.Louis,Missouri. All total,388bighead,75silver,andIII grasscarpweremeasured
andweighed.Shortbigheadcarpweighedsignificantlylessin theupperMissouriRiver
fromGavinsPointDamtothePlatteRivercomparedto fishof thelowerMissouriRiver
fromtheGrandRivertotheMississippiRiver. Conversely,longbigheadcarpin the
upperMissouriRiverattainedgreaterweightsthanfishof similarlengthdownstream.
Thoughnotsignificant,conditionsimilarlyvariedbetweentheupperandlowerMissouri
Riverfor silvercarpandgrasscarp.
INTRODUCTION
AsiancarpwereintroducedtotheUnitedStatesasabiologicaltoolbynatural
resourceagenciesandaquaculturists.Bigheadcarp(Hypophthalmichthysnobilis)and
silvercarp(Hypophthalmichthysmolitrix)werefirstintroducedto aprivatefish farmin
Arkansasin 1972to improvewaterquality(Conoveretal.2007).Laterin the1970's
bigheadandsilvercarpwereresearchedbynaturalresourceagenciesandaquaculturists
to improvewaterqualityin lakes,aquacultureponds,andwastewatersystems.By the
early1980'sbigheadandsilvercarpappearedinArkansasrivers(FreezeandHenderson
1982),andevidenceof naturalreproductionwasfoundin theMissouriRiver in 1989
(Kolaretal.2005).Bigheadcarparealsosoldliveasa foodfishin specialtyethnic
markets(Kolar etal.2005);however,silvercarparenotculturedin theUnitedStatesand
arenowlistedunderthe"injuriouswildlifeprovision"of theLaceyAct (Fowleretal.
2007).Becausebothbigheadandsilvercarpfeedonplankton,theymayhaveadverse
affectsonnativefish,mussels,andzooplanktonatall life stages.Schranketal. (2003)
reported ietaryoverlapbetweenage-Obigheadcarpandpaddlefish(Polyodonspathula)
in laboratorystudies.Sampsonetal. (2009)reportedbigheadcarpdietaryoverlapwith
gizzardshad(Dorosomacepedianum)andbigmouthbuffalo(Ictiobuscyprinellus)in the
IllinoisRiverandMississippiRiver,andconditionof thesetwonativespecieshas
declinedsinceestablishmentof Asiancarp(Ironsetal.2007).
Thegrasscarp(Ctenopharyngodonidella)wasintroducedtotheUnitedStatesby
federalandstateresearchersto investigatebiologicalcontrolsof aquaticvegetation
(Avault1965,MitchellandKelly 2006).Naturalresourceagenciesandprivatepond
ownershavedistributedgrasscarpthroughouttheUnitedStatesstartingin the1970's
(Pflieger1978,GuilloryandGasaway1978).Triploidcarpareauthorizedfor stockingin
38states,whileanadditional10statesallowdiploidstobestocked(Dauwalterand
Jackson2005).Thegrasscarphasthepotentialtoalterhabitats,affectnative
communitiesthroughcompetitionwithotherfishandinvertebrates,disruptfoodwebs,
andincrease utrophication(Conoveretal.2007).
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Theestablishmentof Asiancarpin theMissouriRivercouldpotentiallycause
greatecologicalharm.Asiancarparemobile,long-lived,tolerateabroadrangeof
climates,haveopportunisticfoodhabits,andhavehighreproductivecapabilities,
populationdensities,andgrowthrates(CudmoreandMandrak2004,Kolar etal.2005).
Meanfecundityof femalebigheadcarpin theMissouriRiverwas226,213eggs,and
bimodaleggdiametersin theovaryindicatedpotentialforprotractedspawning(Shrank
andGuy2002).Thesilvercarpalsohasprotractedspawningperiodswithsomefish
spawningmultipletimeswithinayear(Papouliasetal.2006).By age-3,bigheadcarp
andsilvercarpcanattaintotallengths>500mm(Johaletal.2001,ShrankandGuy
2002),whichlikelyprecludesthesespeciesfrompredationbynativeMissouriRiver
piscivores.Withtheselifehistorytraits,Asiancarpwill likelychangetheaquatic
environment,othedetrimentof nativeaquaticorganisms.
Furtherunderstandingof Asiancarppopulationcharacteristicssuchasconditionis
criticaltotheirmanagementandcontrolin theMissouriRiver. Lengthandweight
measurementsarecornerstonesof fisheriesmanagementandresearch(Andersonand
Neumann1996)andcanbeusedtodescribetheconditionof fish. Fish in goodcondition
areexpectedtohavefastgrowthrates,highreproductivepotential,and/orhighsurvival
(AndersonandNeumann1996),whichindicatesfavorablehabitatconditionsandample
preyavailability(Blackwelletal.2000).As Asiancarpcontinuetoexpandtheirrange,
increasein abundance(ChickandPegg2001),andpotentiallycompetewithothernative
planktivores(Schranketal.2003,Sampsonetal.2009),it is increasinglyimportanto
understandtheconditionof Asiancarpin theMissouriRiver. Therefore,theobjectiveof
thisstudywastodescribethelength-weightrelationships(i.e.,condition)of thethree
Asiancarpspeciesin theMissouriRiverandinvestigatedifferencesin conditionamong
differentreachesof theriver.
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Figure1. TheMissouriRiver fromGavinsPointDam(rkm1,305)to itsconfluencewith
theMississippiRiver(rkm0). TheGavinsPointreachextendsfromGavins
PointDamtotheconfluenceof thePlatteRiver(rkm958),Platte-Kansas
reachextendsfromthePlatteRivertotheGrandRiverconfluence(rkm250),
andtheInteriorHighlandsextendsfromtheGrandRivertotheMissouriRiver
mouth.
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METHODS AND MATERIALS
AsiancarpwerecollectedduringthreeMissouriRivermonitoringprogramsfrom
2003to2007.GearsthatcapturedAsiancarpincludedovernightgill, hoop,andmini-
fykenets,driftedtrammelnets,towedorpushedtrawls,andelectrofishing. Detailed
guidelinesforgearspecifications,deploymentmethods,anddatacollectionwere
describedin Drobish(2008)andWanneretal. (2007).All Asiancarpweremeasuredto
totallength(TL; mm)andweighedtothenearestg.
OurstudyareawastheMissouriRiver fromGavinsPointDamnearYankton,
SouthDakota(riverkilometer[rkm]1,305)to itsconfluencewiththeMississippiRiver
nearSt.Louis,Missouri(rkm0) (Fig. I). GavinsPointDamis thefarthestdownstream
mainstemdamontheMissouriRiver,andtodatenoAsiancarphavebeencapturedin
theMissouriRiverupstreamof thisbarrier(Shumanetal.2008).TheMissouriRiver
wasdividedintothreereachesbasedonhydrologicalcharacteristicsandlargetributary
influences.The"GavinsPoint"reachextendsfromGavinsPointDamtotheconfluence
of thePlatteRiver(rkm958). This reachis highlyinfluencedby anunnatural
hydrographduetoreleasesfromGavinsPointDam. The"Platte-Kansas"reachextends
fromthePlatteRivertotheGrandRiverconfluence(rkm250)andis highlyinfluenced
fromtheeffectsof largetributaries,whichflow acrosshighlyerodiblelandsandcarry
highsedimentloadsintotheMissouriRiver. Thefarthestdownstreamreachfromthe
GrandRiverconfluencetotheMissouriRivermouthhasamorenaturalhydrographdue
totributarydischargesanddistancefromGavinsPointDamandhereinis definedasthe
"InteriorHighlands"reachbasedonthephysiographicprovincesof Crossetal. (1986).
Length-weightcomparisonsweremadeonlybetweentheGavinsPoint(upstream)and
InteriorHighlands(downstream)reachesbecausetherewasaminimalnumberof Asian
carpweighedin thePlatte-Kansasreach.
Linearregressionwasusedtodescribethe10glOlength-loglOweightrelationshipfor
eachspeciesof Asiancarp.Analysisof covariance(ANCOV A) wasalsousedtoassess
potentialdifferencesin conditionbetweenthetworeachesforeachAsiancarpspecies
with10glOiengthsetasthecovariate.A generalinearmodel(Hintz2006)wasfirstrun,
inwhichthedependentvariable(loglOweight)wasmodeledasa functionof thetreatment
variable(reach),covariate(loglOlength),andtheirinteraction.The interactiontermtested
forhomogeneityof slopes,and,if notsignificant,thereducedmodel(withoutthe
interaction)wasruntotestfordifferencesin theintercepts.If thetreatmentvariablewas
notsignificant,theninterceptswerenotdifferentandwouldsuggesthattheAsiancarp
in thetworiverreachesgainedweightincrementallywithincreasinglengthin asimilar
fashion.
RESULTS AND DISCUSSION
Similarrangesof lengthsandweightsof bighead(322- 1,200mmand452-
19,336g) andgrasscarp(307- 1,080mmand330- 12,965g)werecomparedbetween
theGavinsPointandInteriorHighlandsreaches.Silvercarprangedfrom231to 880mm
TL and104to 8,640g. Only sevensilvercarpweremeasuredandweighedin theGavins
Pointreach,andtheyweresubstantiallysmaller(21% in meanTL and43%inmean
weight)comparedtothe68fishcapturedin theInteriorHighlandsreach.Despitethe
collectiveuseof 25typesof fishsamplinggeardeployedbythreelargemonitoring
programsin theMissouriRiver from2003- 2007,<1,400individualsof eachAsiancarp
specieswerecollected(WannerandKlumb2009).Asiancarparewarytocapturewhich
impedesourabilitytodescribetheirrelativeabundance(U.S.Fish andWildlife Service
2003,Conoveretal.2007).Althoughsufficientnumbersof Asiancarpwerecapturedfor
conditionanalyses,weightmeasurementswerenotroutinelycollectedwhichfurther
limitedoursamplesize. In areaswhereAsiancarpareexpandingtheirrange,we
recommendroutinemeasurementsof lengthandweightbedoneforAsiancarpaswell as
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nativefishspecieswithsimilarfeedinghabitsto facilitateanalysesof conditionto assess
competitiveinteractions(Ironsetal.2007,Sampsonetal.2009).
TherelationshipbetweenloglOlength-loglOweightin thetworeachesof the
MissouriRiverwassignificantforeachAsiancarpspecies(Table1,Fig. 2). Basedon
ANCOV A, loglOlengthwasasignificantcovariateaffectingloglOweightof bigheadcarp
differentlyin theGavinsPointandInteriorHighlandsreaches(F =4.58,df 1,384,P =
0.033).LoglOlengthwasnotasignificantcovariateforsilvercarp(F =2.65,df 1,71,P =
0.108)andgrasscarp(F =0.42,df 1,107,P =0.518).Additionally,interceptswerenot
significantlydifferentbetweenriverreachesforbothsilvercarp(F =0.06,df 1,72,P =
0.806)andgrasscarp(F =3.09,df 1,108,P =0.081).Therefore,silvercarpandgrass
carpin theGavinsPointandInteriorHighlandsreachesgainedweightincrementallyin a
similarfashion.However,bigheadcarpatshorterlengthsattainedlessweight(lower
condition)in theGavinsPointreachcomparedtodownstreamin theInteriorHighlands
reach.Conversely,conditionof longbigheadcarpin theGavinsPointreachwashigher
comparedto fishin theInteriorHighlandsreach.Althoughnotsignificant,thissame
trendof loweredconditionfor shortfishandhighconditionfor longfishin theGavins
Pointreachwasobservedforsilvercarpandgrasscarp.
Differencesin weightatagivenlengthforbigheadcarpsignificantlydiffered
betweenthetworeaches.WannerandKlumb(2009)reportedthatmoreyoungof the
yearAsiancarpwerefoundin theInteriorHighlandsreach.Giventhehigherweightsfor
shortfishandtheirhighrelativeabundance,thismaysuggesthattherewasagreater
availabilityof foodforsmallAsiancarpin theInteriorHighlandsreach.Increased
conditionmayalsoindicatethatbetterhabitatconditions(Blackwelletal.2000)were
availableforsmallAsiancarpcomparedto fartherupstreamin theMissouriRiver.
Differencesin silvercarpconditionmaynothavebeendetectedueto low samplesize,
whereasgrasscarpconditiondidnotvarybetweenreachesbecausetheirpreferredfood
of macrophytesi notcommonthroughouttheMissouriRiver(Galatetal.2005).
Gonadaldevelopment,especiallygiventhehighbiomassof eggsin femaleAsian
carp(ShrankandGuy2002;WilliamsonandGarvey2005),will affectrelativecondition
of fish. Althoughfishwerenotidentifiedby sexandconditionwasnotanalyzedby
season(Blackwelletal.2000)duringthisstudy,morefemalefishmayhavebeen
measuredin oursamples.AsiancarpmayhavemovedupstreamintotheGavinsPoint
reachduringspawning,whichmayexplainthehighrelativeconditionfor largefishin
TableI. Linearregressionanalysiscomparingtheloglolength-log1oweightrelationshipsfor three
Asiancarpspeciesin anupstreamreach(GavinsPoint)anddownstreamreach(Interior
Highlands)of theMissouriRivercapturedfrom2003to2007.All regressionswere
significant(P <0.001).
InterceptSlope
Reach
EstimatedmodelNr295%CI95%CI
Bigheadcarp
GavinsPoint
LoglOweight=-4.86+2.96(Log,olength)2240. 80.170.06
InteriorHighlands
30 75 lO16806121
Silvercarp
GavinsPoint
6 92 3 070.9708 1o i t 5 5 13680.9359
Grass
weight 59 8733759 3 1olength)788 4
492
thisreach.SchrankandGuy(2002)reportedtherelationshipbetweenweightandlength
washighlysimilarbetweenmaleandfemalebigheadcarpin theMissouriRiver;
however,theirsamplingwasnotconducteduringthepeakspawningperiod,which
precludedcomparisonsof conditionbetweensexesof ripefish.
Bigheadandsilvercarpwill likelyhaveadverseaffectsonall life stagesof native
speciesbecausetheyfeedonplankton,theprimaryfoodsourceof severaladultfish
(Ironsetal.2007,Sampsonetal.2009),larvalfish(Schranketal.2003),andmussels
(Kolaretal.2007).Grasscarpadverselymodifypreferredfishhabitats,disruptfood
webs,andmodifytrophicstructure(Conoveretal.2007).As Asiancarpcontinueto
increasein abundanceandinvadenewwaters(Petersetal.2006,WannerandKlumb
2009),it is increasinglycriticaltounderstandAsiancarppopulationcharacteristicssuch
ascondition.
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Figure2. Weight-lengthrelationshipof bigheadcarp,silvercarp,andgrasscarpcaptured
from2003to2007in upstream(GavinsPoint)and downstream(Interior
Highlands)reachesof theMissouriRiver. Linesindicatemodelfits
fortheGavinsreach(solidline)andInteriorHighlandsreach(dashedline).
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